port implicates Prox1 as a crucial intrinsic factor that
). Phenotypically, tern of Foxn4 during retinogenesis, we raised a specific anti-Foxn4 polyclonal antibody for immunofluorescent all heterozygotes behaved in a manner similar to that of their wild-type littermates; however, most homozygous analysis of developing mouse retinas. While no Foxn4 expression is observed in the developing eye at E10.5, mutants displayed early postnatal lethality, while surviving null mutants exhibited noticeable body size reducit is detectable at E11.5 in the central region of the retina ( Figures 1A and 1B) . At E13.5, Foxn4 expression spreads tion starting at P8. To determine the fate of progenitors that would norfrom the center to the entire retina, with most progenitor cells in the outer neuroblastic layer abundantly expressmally express Foxn4 in the Foxn4 Ϫ/Ϫ retina, we followed the generation and destination of lacZ ϩ cells. In heteroing Foxn4 ( Figure 1C ). However, Foxn4 expression is absent from the inner neuroblastic layer of the retina zygotes, lacZ expression commenced at E11.5 and peaked around E14.5 (Figures 2A and 2C ), while it beand the lens vesicle ( Figures 1B and 1C) . At E15.5-E17.5, Foxn4 continues to be expressed strongly in a large came downregulated at P0 and was absent by P8 (Figures 2E and 2G ). ␤-galactosidase activity was confined subset of progenitor cells within the outer neuroblastic layer ( Figures 1D and 1E ). At postnatal day 1 (P1), howto the outer neuroblastic layer as well as the nerve fiber layer, consistent with labeling of progenitor cells with a ever, Foxn4 expression begins to be downregulated ( Figure 1F ). By P4, only a small number of cells can be bipolar morphology ( Figures 2C and 2E) . Thus, the knockin lacZ reporter faithfully recapitulated the spatial seen to express Foxn4 in the outer neuroblastic layer ( Figure 1G ). In the P6 retina, the central area completely and temporal expression pattern of the endogenous Foxn4 gene. In the Foxn4 Ϫ/Ϫ retina, ␤-galactosidase acloses Foxn4 expression, while only occasional cells are positive for Foxn4 in the intermediate and peripheral tivity was similarly seen in the outer neuroblastic layer at E11.5 and E14.5, albeit much stronger ( Figures 2B  regions (Figures 1H-1J) . Thus, both the onset and downregulation of Foxn4 expression follow a central to periphand 2D), indicating that retinal progenitors that would normally express Foxn4 were produced in the null retina. eral gradient of retinogenesis. Foxn4 is not expressed in late postnatal and adult retinas ( Figure 1K ).
However, there was no downregulation of lacZ expression by P0 in the null retina, and even by P8 many cells The outer neuroblastic layer of the developing retina consists of a mixture of dividing progenitor cells and in the outer nuclear layer (ONL) could still be seen to prominently express lacZ ( Figures 2E-2H ). Thus, in the some newly generated postmitotic neurons/glial cells. To determine whether Foxn4 was expressed only by Foxn4 Ϫ/Ϫ retina, there appeared to be a significant temporal delay in the downregulation of lacZ expression in mitotic progenitors, we pulse labeled S phase cells in the E17.5 retina by BrdU and performed double immunoprogenitor cells. By examining retinal sections stained with hematoxystaining using anti-Foxn4 and anti-BrdU antibodies. We found that all Foxn4 ϩ cells were colocalized with proliferlin-eosin (HE), we investigated whether loss of Foxn4 function would affect the gross morphology and strucative cells labeled by the anti-BrdU antibody, even though not all BrdU ϩ cells were stained by the antiture of mutant retinas. While the wild-type and null retinas were similar in thickness and structure at P0 (data Foxn4 antibody ( Figures 1L-1N ), indicating that Foxn4 is expressed solely by a subset of mitotic progenitors.
not shown), we found that at P8 and P20, Foxn4
Ϫ/Ϫ retinas were obviously reduced in thickness compared Consistent with this observation, in E14.5 retinas, double Figure 2J) . Additionally, the outer active for GABA, GAT-1, and GLYT1 in P8 null retinas was reduced by 94.4%, 83.4%, and 74%, respectively plexiform layer (OPL), albeit present at P8 in the null retina, was invisible at P20 ( Figures 2J and 2L) . The (Supplemental Figure S3I) . Second, as shown by four horizontal cell markers, including Pax6, Barhl2, calbin-ONL, however, showed no decrease in thickness; on the contrary, it was overtly thicker than that of the control din, and Lim1, we found that horizontal cells were completely absent from P8 and P20 Foxn4 Ϫ/Ϫ retinas (Figures retina at P20 (Figures 2I-2L) , indicating that the absence of Foxn4 causes anomalous development of inner retinal 3I-3P and Supplemental Figure S3I ). The absence of horizontal cells in the null retina was consistent with a cell types. We noted that there were also many clusters of ONL cells that abnormally protruded into the seglack of the OPL at P20 (Figures 2K and 2L The gradual dysplasia of postnatal mutant retinas prompted us to investigate whether they gradually designificantly upregulated in Foxn4 Ϫ/Ϫ retinas ( Figures 4I  and 4J) , suggesting that the progenitors that would norgenerate by apoptotic cell death as a secondary defect. As determined by TUNEL labeling, while no significant mally differentiate into amacrine and horizontal cells adopted a photoreceptor fate in the mutant.
difference was observed in the number of labeled cells between control and mutant retinas at embryonic GCL of the retina. To determine which cell types were generated by retinal progenitors infected with Foxn4-stages, the null retina displayed a significant increase GFP viruses, we first investigated whether more amaof cell death at postnatal stages (Figures 5E-5H and crine cells were formed in these retinas. The number of 5J). In Foxn4 Ϫ/Ϫ retinas, cells undergoing apoptosis were amacrine cells was determined by dissociating retinal seen in all retinal layers, and many were in ectopias of cells followed by immunocytochemistry for syntaxin. the ONL (Figures 5F and 5H) , suggesting that these Compared to the control retina, dissociated GFP ϩ cells ectopic cells may be improperly differentiated and evenfrom retinas infected with Foxn4-GFP viruses were often tually degenerate by apoptosis.
larger ( Figures 6E-6H) , consistent with the observation in retinal sections ( Figures 6B and 6C ). In addition, the Foxn4 Acts as a Potent Factor to Promote large majority of these cells were immunoreactive for an Amacrine Cell Fate syntaxin but not for rhodopsin ( Figures 6F and 6H) , while Given its necessity, we tested whether Foxn4 was also the opposite was true for the control retina (Figures 6E  sufficient -7N and 8) .
Thirdly, overexpressed Foxn4 exerted no effect on the crine, Mü ller, and ganglion cells, reside in the INL and 
